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Overview

ÅObjectives and scope

ÅBackground

ÅAgenda

ÅTopics for discussion

ÅVoting questions
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Focus of AC Meeting

ÅFDA is seeking advisory committee input on:

ïAdequacy of single study submitted to establish 
substantial evidence of effectiveness

ïClinical meaning of total serum bilirubin (TSB) reduction

ïDose selection 

ïAdequacy of short-term, and long-term safety database

ïNeed for postmarketingactivities, if approved
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Severe Neonatal Hyperbilirubinemia
Å Neonatal hyperbilirubinemia (elevated serum bilirubin concentration)

ï Occurs in up to 84% of newborns, frequently self-limited
ï Neonates have a higher rate of bilirubin production and limited ability to 

conjugate and excrete

Å Severe or extreme hyperbilirubinemia ό¢{.җнр-30 mg/dL) affects 7 to 40 
newborns per 100,000 live births
ï Predisposing risk factors include hemolytic disease, jaundice in the first 24 hours, 

premature birth, and elevated pre-discharge bilirubin levels
ï Can lead to bilirubin-induced neurologic dysfunction which can result in significant 

long-term neurologic morbidity (kernicterus) and mortality

Å Primary goal of treatment is to prevent bilirubin neurotoxicity
ï Early recognition and phototherapy treatment are mainstays of clinical 

management 
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Challenges in Clinical Management

ÅAlthough rare with current clinical management, kernicterus 
can still occur 
џThus, an unmet medical need exists for additional therapies in 

these infants at risk 

ÅNo specific single TSB threshold coincides with onset of acute 
bilirubin encephalopathy or the chronic form (kernicterus)

ÅRisk factors such as premature birth, postnatal age, and 
comorbidities (e.g., hemolysis, infection) contribute to the risk 
of developing complications from severe hyperbilirubinemia
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Product Overview

Product:
NewMolecular Entity
stannsoporfin (tin mesoporphyrin)

Mechanism 
of Action

Heme-oxygenase inhibitor; inhibits bilirubin production

Applicant 
Proposed
Indication:

Treatment of neonates greater than or equal to 35 weeks of 
gestational age with indicators of hemolysis who are at risk of 
developing severe hyperbilirubinemia

Proposed
Dose:

Single Intramuscular Injection: 4.5 mg/kg of body weight
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Regulatory History

1986 - 2002

ωIND 029462 (Non-GCP)

ωIND 064185 (GCP)

2003 - 2005

ωPhase 3 protocol submitted

ωClinical hold (2/2003)

ωAC Meeting #1 (6/2003): 
Drug development 
recommended for 
treatment but not 
prevention

ωHold removed (10/2004)

ωRights acquired by InfaCare

2005 - 2012

ωPhase 2 protocol 64,185-
202

ωPartial clinical hold (8/2011)

ωAC Meeting #2(3/2013): 
appropriate target 
population and need for 
long-term follow-up data 
prior to use; voted as 
adjunct to PT

ωSubmitted protocol - Study 
64,185ς204

ωPartial hold removed 
9/2012

2012-2018

ωFTDRgranted* (12/2016)

ωComplete NDA submitted 
(12/2017)

ωInfaCareacquired by 
Mallinckrodt Public Limited 
Company (9/2017)

ωGranted Priority Review 
(2/2018)

C5! ƎǊŀƴǘŜŘ Ŧŀǎǘ ǘǊŀŎƪ ŘŜǎƛƎƴŀǘƛƻƴ ŦƻǊ ǘƘŜ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ŀŘƧǳƴŎǘ ǘƘŜǊŀǇȅ ǘƻ ǇƘƻǘƻǘƘŜǊŀǇȅ όt¢ύ ƛƴ ƴŜƻƴŀǘŜǎ ƻŦ җор ǿŜŜƪǎ ƎŜǎǘŀǘional 
age with laboratory evidence of hemolysis and hyperbilirubinemia meeting the American Academy of Pediatrics (AAP) criteria for 
phototherapy who are at risk for developing complications associated with severe hyperbilirubinemia
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Regulatory Considerations
Å Generally, 2 or more adequate and well-controlled trials, each convincing on 

its own, are required to establish effectiveness

Å A single highly persuasive positive trial combined with confirmatory evidence  
that substantiates efficacy can support approval if (each can contribute):
ï Data from a large multicenter study, internal consistency across study subsets, 

evidence of an effect on multiple endpoints evaluating different events, 
statistically very persuasive findings

Å An adequate number and duration of patient exposures is needed to 
characterize the safety risks of a drug
ï Less safety data may be required at the time of approval of a drug if the drug 

provides an important clinical benefit to address an unmet need
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Regulatory Considerations (2)

ÅA risk management plan that uses risk minimization 
strategies beyond the professional labeling may be 
needed for certain drug products to ensure the benefits 
outweigh the risks

ÅPost-approval studies or clinical trials may also be 
required to assess serious risks related to the drug



10

Clinical Pharmacology Overview
ÅThe metabolism of stannsoporfinis not well 

characterized in humans

ÅTerminal half-life (t1/2) ~ 10-11 hours for 3 and 4.5 
mg/kg doses in neonates

ÅShallow inverse relationship between increasing 
systemic exposure and dose-dependent attenuation 
of TSB rise
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Efficacy Overview
ÅOne pivotal study (Study 64,185-204) of 91 neonates submitted 

to establish the safety and efficacy of stannsoporfin

ÅPrimary endpoint of percent change from baseline in total serum 
bilirubin (TSB) at 48 hours post-treatment was statistically 
significant for both 3 and 4.5 mg/kg doses compared to placebo

ÅOne secondary endpoint, (time [in hours] at which TSB crossed at 
or below the phototherapy threshold) was achieved for 4.5 
mg/kg dose
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Expert Consensus Guidelines
Å Clinicians treat hyperbilirubinemia in term and late-preterm neonates based 

on clinical practice guidelines

Å AAP guideline, updated most recently in 2004, is considered standard practice 
for neonatal care providers in the U.S. for management of neonates of at least 
35 weeks gestation at birth

ï Aims are to prevent severe neonatal hyperbilirubinemia and bilirubin 
encephalopathy, while minimizing unintended harm and unnecessary treatment

Å Nomograms designating (1) risk for severe hyperbilirubinemia, (2) thresholds 
for phototherapy treatment, and (3) thresholds for exchange transfusion were 
developed, incorporating data from decades of clinical investigation
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Designation of Risk ςAssessing the Need for Early Outpatient Follow-Up

Å Jaundice noted before discharge

Å Breastfeeding

ÅGestation <38 weeks

Å Significant jaundice in a sibling

Å Bruising

Å Blood group incompatibility 

Risk Factors for Developing 
Severe Hyperbilirubinemia

American Academy of Pediatrics Subcommittee on, H., Management 

of hyperbilirubinemia in the newborn infant 35 or more weeks of 

gestation. Pediatrics, 2004
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DǳƛŘŜƭƛƴŜǎ ŦƻǊ tƘƻǘƻǘƘŜǊŀǇȅ ŦƻǊ LƴŦŀƴǘǎ җор ²ŜŜƪǎ DŜǎǘŀǘƛƻƴ

Å Isoimmunehemolytic disease
ÅG6PD deficiency
Å Asphyxia
Å Significant lethargy
Å Temperature instability
Å Sepsis
Å Acidosis
Å Serum albumin <3 g/dL

Risk Factors for Complications

American Academy of Pediatrics Subcommittee on, H., Management 

of hyperbilirubinemia in the newborn infant 35 or more weeks of 

gestation. Pediatrics, 2004
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DǳƛŘŜƭƛƴŜǎ ŦƻǊ 9ȄŎƘŀƴƎŜ ¢ǊŀƴǎŦǳǎƛƻƴ ŦƻǊ LƴŦŀƴǘǎ җор ²ŜŜƪǎ DŜǎǘŀǘƛƻƴ

ÅAcute bilirubin encephalopathy 

ïHypertonia

ïArching

ïHigh-pitched cry 

ïOpisthotonus

ïFever 

Immediate Exchange Transfusion

American Academy of Pediatrics Subcommittee on, H., Management 

of hyperbilirubinemia in the newborn infant 35 or more weeks of 

gestation. Pediatrics, 2004
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Different NomogramsτPrevention and Treatment

Early Follow-Up Phototherapy

American Academy of Pediatrics Subcommittee on, H., Management of hyperbilirubinemia in the newborn infant 35 or more weeks of gestation. Pediatrics, 2004
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Clinical Meaning of a Reduction in TSB or Time to a Particular TSB Level is Unknown 

Risk of Kernicterus

Prematurity

¢{. җол Lack of 
follow-up

Infection

Hemolysis

Asphyxia

¢{. җнр

Many other factors such as 
gestational age, hour of life, 
and comorbidities 
contribute to the risk of 
developing complications 
from severe 
hyperbilirubinemia
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Safety
ÅMajor safety concerns of phototoxicity, thrombocytopenia and 

the potential for adverse neurodevelopmental outcomes

ÅThe long-term neurodevelopmental database is small

ÅPreliminary data from the pooled long-term extension studies 
showed a numerically higher rate of both speech and hearing 
adverse events in stannsoporfin-treated pediatric patients 
compared to those treated with placebo
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PostmarketingActivities
Å Benefit of treatment must be weighed carefully against the seriousness of the 

potential risks associated with use, including the risk of long-term 
neurodevelopmental toxicity

Å FDA has the authority to require a REMS if additional measures beyond 
labeling are necessary to ensure the benefits of a drug outweigh the risks
Å Proposed REMS consists of restricted distribution, health care setting certification, 

safe use conditions and a registry

Å If approved, postmarketingrequirements may be needed to obtain additional 
long-term safety data
Å Implement an observational study
Å Complete ongoing long-term extension studies
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AC Meeting Agenda
Å Applicant presentation (1 hour and 15 minutes)

Á Clarifying Questions from the Committee

Å FDA presentation (1 hour and 15 minutes)
ï Steven Li, PhD Clinical Pharmacologist

ï Feiran Jiao, PhD Mathematical Statistician

ï David Joseph, PhD Lead Pharmacologist

ï Y. Veronica Pei, MD Medical Officer

ï Charlotte Jones, MD, PhD, MSPH Medical Officer

Á Clarifying Questions from the Committee

Å Open public hearing (1 hour)

Å Committee discussion and voting
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Discussion Question 1
The Applicant has submitted a single, adequate, and well-controlled study 
(Study 64,185-204) as evidence to support the approval of stannsoporfin:

DISCUSSION: Please discuss the clinical meaningfulness of the 
ǇǊƛƳŀǊȅ ŜƴŘǇƻƛƴǘ ƻŦ άǇŜǊŎŜƴǘ ŎƘŀƴƎŜ ŦǊƻƳ ōŀǎŜƭƛƴŜ ƛƴ ǘƻǘŀƭ ǎŜǊǳƳ 
ōƛƭƛǊǳōƛƴ ό¢{.ύέ ŀǘ пу-hours post-treatment with stannsoporfin.
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Discussion Question 2

DISCUSSION: Please discuss your recommendations for 
dosing (3 mg/kg or 4.5 mg/kg single dose) based on the 
available information.
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Voting Question 3

VOTE: Has the Applicant provided substantial and persuasive evidence of 
effectiveness for stannsoporfinas an adjunct to phototherapy in neonates 
greater than or equal to 35-weeks gestational age with laboratory 
evidence of hemolysis and hyperbilirubinemia meeting the American 
Academy of Pediatrics(AAP) criteria for phototherapy who are at risk for 
developing complications associated with severe hyperbilirubinemia?
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Voting Question 4

VOTE: Are the submitted data on long-term safety 
assessments adequate to characterize the potential risk of 
stannsoporfin-related adverse neurodevelopmental 
outcomes? 
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Voting Question 5

VOTE: Does the long-term and short-term safety profile of 
stannsoporfinin the proposed indicated population 
support approval?
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Discussion Question 6

DISCUSSION: Please discuss whether additional 
interventions beyond FDA-approved labeling, such as a 
Risk Evaluation and Mitigation Strategy (REMS), are 
ƴŜŎŜǎǎŀǊȅ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ŘǊǳƎΩǎ ōŜƴŜŦƛǘǎ ƻǳǘǿŜƛƎƘ ƛǘǎ 
risks.

a. Please discuss the REMS proposed by the FDA, which 
consists of health care setting certification (for 
dispensing and administration), safe use conditions, 
and a registry.
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Voting Question 7

VOTE: Does the risk-benefit profile of stannsoporfin
support approval?

a. Yes without a REMS

b. Yes with a REMS

c. No
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Discussion Question 8

DISCUSSION: Please discuss the necessity of additional 
studies (clinical or nonclinical) with stannsoporfinto 
assess the potential for adverse neurodevelopmental 
outcomes.  Comment on potential design elements. 





Clinical Pharmacology Findings of 
Stannsoporfin

NDA 209904

Shen (Steven) Li, PhD

Lian Ma, PhD

Insook Kim, PhD

Office of Clinical Pharmacology

Center for Drug Evaluation and Research

May 3, 2018
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Outline

ÅPharmacokinetics (PK) of stannsoporfin

ÅDose/exposure-response for change in total serum 
bilirubin (TSB)
ïSupportive Study 64,185-202 
ÅSubset of neonates received phototherapy (PT)
ÅTiming of PT varied

ïPivotal Study 64,185-204
ÅAll neonates received PT
ÅPT within 30 min of stannsoporfin

www.fda.gov
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Pharmacokinetics of Stannsoporfin
Absorption: 
Å Mean tmax1.5 ς2.3 hours 

Distribution:
Å Vd/F: 0.97 L for a neonate of 3.5 kg 

Metabolism: 
Å Not well characterized
Å In vitro data: not CYP enzymes mediated

Elimination: 
Å Mean t1/2 10 - 11 hours following 3 and 4.5 mg/kg doses
Å Major elimination pathway is unclear
Å Urine recovery 0.2%-9.85% of the dose; feces 0%-13%, over 48 hours in adults

www.fda.gov
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Dose-Dependent Mean Change in TSB over Time
Study 64,185-202

Dose 
(mg/kg)

Patients received 
phototherapy 

(n [%])

Placebo
(N=15)

8 (53.3%)

1.5
(N=17)

3 (17.6%)

3
(N=18)

6 (33.3%)

4.5
(N=8)

2 (25.0%)

www.fda.gov
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Å Stannsoporfin appeared to attenuate the 
increase in TSB over time as compared to 
placebo
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Mean Change in TSB over Time without or with PT
Study 64,185-202 

www.fda.gov PT: phototherapy
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Exposure-Response Relationships for Change in TSB 
Study 64,185-202

Å Exposure vs. change from baseline in TSB:
ï Individual stannsoporfin AUC values in neonatal patients 
ïChange from baseline in TSB at 48 and 72 hours

Å Overall graphical assessment of exposure-response relationship indicates that 
there is an inverse relationship between increasing systemic exposure for 
stannsoporfin and change from baseline in TSB

www.fda.gov
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Systemic Exposure-Change from Baseline in TSB
Study 64,185-202 

www.fda.gov

TSB at 48 hours                                                 TSB at 72 hours
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Systemic Exposure-Change from Baseline in TSB 
Without PT (upper panel) or with PT (lower panel)

www.fda.gov

TSB at 48 hours                                               TSB at 72 hours

Study 64,185-202 
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Mean Change in TSB over Time in Neonates with PT 
Study 64,185-204

www.fda.gov
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Å Both 3 mg/kg and 4.5 mg/kg doses decreased 
TSB over time compared to placebo treatment

Å No apparent difference between 3 mg/kg and 
4.5 mg/kg for change from baseline in TSB
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Summary
Å Apparent dose-dependent attenuation of TSB rise (Study 64,185-202)

Å Apparent inverse relationship between increasing systemic exposure and 
change from baseline in TSB regardless of phototherapy (Study 64,185-202)

ïSmaller sample size for 4.5 mg/kg compared to lower doses

Å No difference in mean change from baseline in TSB over time between 3 
mg/kg and 4.5 mg/kg (Study 64,185-204)

www.fda.gov





NDA 209904

stannsoporfin 

Analyses of Efficacy Data 
Feiran Jiao, PhD

Statistical Reviewer
Division of Biometrics III

Office of Biostatistics, CDER, FDA
May 3, 2018
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Trial 64,185-204

DŜǎǘŀǘƛƻƴŀƭ ŀƎŜ җ ор ǿŜŜƪǎ 

Age 0-48 hr

Risk factors for severe 
hyperbilirubinemia

Required initiation of 
phototherapy based on AAP 
guideline 

.ƛǊǘƘ ǿŜƛƎƘǘ  җ нрлл Ǝ

Phototherapy
+

placebo (single dose)
(N = 30)

Phototherapy 
+ 

stannsoporfin  
(single 3 mg/kg dose)

(N = 30)

Phototherapy 
+ 

stannsoporfin
(single 4.5 mg/kg dose)

(N = 31)

Followed 

for 

30 days

ÅMulticenter, randomized, placebo-controlled, double-blind

ÅN = 91

ÅPhototherapy (PT)

% change from 

baseline total serum 

bilirubin (TSB) at 48-

hours post dose 

Primary 

Endpoint: 
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Demographic Characteristics of Study 204

Placebo

N=30
n (%)

Stannsoporfin

4.5 mg/kg
N=31
n (%)

3 mg/kg
N=30
n (%)

SEX

F 13 (43.3%) 15 (48.4%) 15 (50.0%)

M 17 (56.7%) 16 (51.6%) 15 (50.0%)

AAP RISKCATEGORIES

җ38weeks+ risk factors
(AAPmediumrisk)

25 (83.3%) 28 (90.3%) 25 (83.3%)

<38weeks+ risk factors
(AAPhighrisk)

5 (16.7%) 3 (9.7%) 5 (16.7%)

DIRECT AGGLUTINATION TEST (DIRECT COOMBS TEST)

Negative 3 (10.0%) 2 (6.5%) 1 (3.3%)

Positive 27 (90.0%) 29 (93.5%) 29 (96.7%)
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Individual Trajectories of High-risk Neonates
Gestational Age < 38 weeks + Risk Factors

3 mg/kg stannsoporfin

4.5 mg/kg stannsoporfin

placebo
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Individual Trajectories of Medium-risk Neonates
Gestational Age Ó 38 weeks + Risk Factors

4.5 mg/kg stannsoporfin

3 mg/kg stannsoporfin

placebo
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FDA Sensitivity Analysis Excludes 27 Neonates

ITT 

91 neonates
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FDA Sensitivity Analysis Excludes 27 Neonates
11 neonates had 

baseline TSB 
values below the 
age-specific PT 

threshold
(4 in 3 mg/kg, 2 in 4.5 mg/kg 

and 5 in placebo)

N=91

80

neonates
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FDA Sensitivity Analysis Excludes 27 Neonates
11 neonates had 

baseline TSB 
values below the 
age-specific PT 

threshold
(4 in 3 mg/kg, 2 in 4.5 mg/kg 

and 5 in placebo)

15 neonates had 
negative 

interpolated time 
values

(3 in 3 mg/kg, 6 in 4.5 mg/kg 
and 6 in placebo )

N=91

65 

neonates

N=80
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FDA Sensitivity Analysis Excludes 27 Neonates
11 neonates had 

baseline TSB 
values below the 
age-specific PT 

threshold
(4 in 3 mg/kg, 2 in 4.5 mg/kg 

and 5 in placebo)

15 neonates had 
negative 

interpolated time 
values

(3 in 3 mg/kg, 6 in 4.5 mg/kg 
and 6 in placebo )

1 neonate had 
baseline TSB 

exceeding the 
exchange transfusion 

(ET) threshold and 
received ET 

(in 3 mg/kg)

N=91

N=65

N=80
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Primary Endpoint Analyses

Placebo
Stannsoporfin

4.5 mg/kg 3 mg/kg
Applicant
% change from 
baseline for TSB 
at 48H post-dose
ITT, 91 neonates1

N 30 31 30

Mean difference 
vs placebo (95% CI)* 

-27
(-40, -15)

-32
(-44, -19)

FDA
% change from 
baseline for TSB 
at 48H post-dose
64 neonates2

N 19 23 22

Mean difference 
vs placebo (95% CI)*

-30
(-44, -16)

-42
(-56, -27)

1 Results were extracted from Table 14.2.1.1 in the Applicantôs Clinical Study Report 
2 64 = 91-15-11-1 neonates

* p-values were all highly significant (<0.0001) and were based on the analysis of covariance model, which included 

treatment arms and baseline TSB as covariates.
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Secondary Endpoints
Å3 secondary endpoints sequentially tested based on 

the following pre-specified hierarchical order
1. Time at which TSB crosses at or below the age-specific PT threshold

2. PT failure (restart PT, hospital readmission, IVIG used, or require ET)

3. Incidence of rebound hyperbilirubinemia (an increase in TSB above the age-
specific PT threshold following discontinuation of the initial PT)

Å For each of the primary endpoint and 3 secondary 
endpoints, test starting from 4.5 mg/kg and then 3 
mg/kg if 4.5 mg/kg is significant at alpha 0.05
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(1st Secondary Endpoint)

Placebo
Stannsoporfin

4.5 mg/kg 3 mg/kg
Applicant
Interpolated T_TSB*
76 (= 91-15) 
neonates1

N 24 25 27
50th percentile (hr) 

(95% CI)
20.9

(9.2, 26.5)
10.6

(8.1, 16.4)
11.8 

(8.2, 21.8)

Log-rank p-value 
vs. placebo

0.003 0.23

FDA
Interpolated T_TSB*
64 (= 91-15-11-1) 
neonates2

N 19 23 22
50th percentile (hr) 

(95% CI)
15.1

(6.9, 26.5)
9.4

(7.1, 13.9)
10.9

(7.6, 16.1)

Log-rank p-value 
vs. placebo

0.014 0.16

*Each event occurring at the various percentiles was estimated using the Kaplan-Meier method and analyzed using the log-rank test.
1 15 neonates who had negative time values were removed from the analysis. Results were extracted from Table 14.2.4.1 in the 

Applicantôs CSR.
2 64 = 91-15-11-1 neonates

Time (in hours) from Injection to TSB Crossing at or below Age-
Specific PT Threshold (T_TSB)
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(2nd Secondary Endpoint)

Placebo
Stannsoporfin

4.5 mg/kg 3 mg/kg
Applicant
PT failure
ITT, 91 neonates1

N 30 31 30

Occurred n (%) 8 (27%) 1 (3%) 3 (10%)

FDA
PT failure
64 neonates2

N 19 23 22

Occurred n (%) 7 (37%) 1 (4%) 2 (9%)

1 Results were extracted from Table 14.2.5.5 in the Applicantôs CSR.
2 64 = 91-15-11-1 neonates

PT Failure Defined as Restart PT, Hospital Readmission, 
IVIG use, or Exchange Transfusion
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Rebound Hyperbilirubinemia 

Placebo
Stannsoporfin

4.5 mg/kg 3 mg/kg

Applicant
Rebound 
hyperbilirubinemia
ITT, 91 neonates1

N 30 31 30

Occurred n (%) 3 (10%) 1 (3%) 0 (0%)

FDA
Rebound 
hyperbilirubinemia
64 neonates2

N 19 23 22

Occurred n (%) 3 (16%) 1 (4%) 0 (0%)

1 Results were extracted from Table 14.2.5.7 in the Applicantôs CSR.
2 64 = 91-15-11-1 neonates

(3rd Secondary Endpoint)
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FDA Exploratory Analysis:
Duration of Hospitalization Results

Placebo
Stannsoporfin

4.5 mg/kg 3 mg/kg

Duration of 
hospitalization* 
91 neonates

N 30 31 30

50th percentile 
(hr)

(95% CI)

46.3
(29.0, 56.0)

47.0
(37.3, 49.4)

46.8
(44.4, 49.2)

Duration of 
hospitalization* 
64 (=91-15-11-1)
neonates

N 19 23 22

50th percentile 
(hr)

(95% CI)

55.3
(46.0, 72.7)

48.3
(43.1, 51.3)

47.1
(43.2, 62.1)

* Each event occurring at the various percentiles was estimated using the Kaplan-Meier method. 
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Efficacy Summary
Å For the primary endpoint (percent change from baseline in TSB at 48 hours)

ï Both 3 mg/kg and 4.5 mg/kg stannsoporfin exhibited a greater reduction compared to 
ǇƭŀŎŜōƻ ōŀǎŜŘ ƻƴ ōƻǘƘ ǘƘŜ !ǇǇƭƛŎŀƴǘΩǎ ŀƴŘ C5!Ωǎ ǎŜƴǎƛǘƛǾƛǘȅ ŀƴŀƭȅǎŜǎ όǇ-values < 0.0001)

Å For the 1st secondary endpoint (time from injection to when TSB below PT 
threshold) 
ï 4.5 mg/kg stannsoporfinhad shorter time to cross at or below the age-specific threshold for 

discontinuing PT than placebo in both the Applicant analysis (N=76 neonates; p-value = 
0.003) and the FDA analysis (N=64 neonates; p-value = 0.014)

Å Are the results from Study 204, the 1 completed efficacy study, statistically 
persuasive?





NDA 209904
stannsoporfin

Summary of Findings from Nonclinical Safety Studies 
in Neonatal Animals

David B. Joseph, PhD
Lead Pharmacologist 

Division of Gastroenterology and Inborn Errors Products
Office of Drug Evaluation III

Center for Drug Evaluation and Research
May 3, 2018
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Outline
ü Single-dose intramuscular phototoxicity study in neonatal guinea pigs 

(with operating room light exposure [ORL])

ü Pivotal toxicology studies: 28-Day (daily dosing) intramuscular studies 
in neonatal rats and neonatal dogs

ÅStudy design with 28-day treatment duration conforms with standard 
regulatory recommendations for single use drug products, to support a 
marketing application

ü Distribution of 119mSn-stannsoporfin in neonatal rat brain (single dose)
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Key Safety Findings in Nonclinical Studies

ü Neonatal albino guinea pigs given a single IM injectionof 20 mg/kg stannsoporfin
(1.5 times dose in neonatal humans based on mg/m2) followed by 6 hr exposure 
to ORL starting at 30 min post-dose:

Å 11/12 animals died compared to 1/12 in control group (vehicle injection + ORL 
exposure)

Å Dermal and epidermal necrosis noted

ü 28-Day (daily dosing) intramuscular toxicity studies in neonatal rats and neonatal 
dogs

Å Same doses tested in both studies (1, 4.5, and 20 mg/kg/day); plasma exposure (AUC) 
differed substantially between species 

Å In rats, cumulative plasma AUC for stannsoporfinwas 1.7, 11, and 53 times the human 
AUC at the proposed dose of 4.5 mg/kg

Å In dogs, AUC multiples of 0.3, 1.1, and 4.5
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Key Safety Findings in Nonclinical Studies (2)

ü Rats showed minimal growth impairment at 20 mg/kg/day only 
όǿŜƛƎƘǘ Ҩр-6%), whereas dogs showed moderate growth impairment 
ŀǘ пΦр ŀƴŘ нл ƳƎκƪƎκŘŀȅ όǿŜƛƎƘǘ Ҩф-15%)

ÅBodyweight reductions only seen after repeated administrationin both 
species (18 days in rats, 6 days in dogs)

ÅMay not be relevant to single use in neonatal humans

ü Effects in neurobehavioral tests occurred in male rats at a cumulative 
human AUC multiple of 6.7-fold, and in female rats at a multiple of 34-
fold, after repeated administration.  Inconclusive results for females  

ÅMay not be relevant to single use in neonatal humans  

ü No evidence of neurotoxicity in dogs, but AUC was ~ 10% of rat AUC
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Key Safety Findings in Nonclinical Studies (3)

ü2/32 dogs died in high dose group, with cumulative AUC at 3.3 
times the human AUC, after repeated administration (at 21 and 
23 days)

üMicroscopic changes in liver in both species, but effects were 
different

ÅRats - hepatocyte (single cell) necrosis in high dose group (13/20 rats), 
reversible

ÅDogs - pigment accumulation (likely the drug) in all animals, irreversible

üThyroid atrophy in dogs at high dose, reversed at 1-month 
recovery
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Neurobehavioral Effects in Rats (28-Day IM Toxicity Study) 

ü Male rats: 5ŜŎǊŜŀǎŜŘ ƳƻǘƻǊ ŀŎǘƛǾƛǘȅ ŀǘ пΦр ŀƴŘ нл ƳƎκƪƎκŘŀȅ όҨпт҈ ŀƴŘ пр҈Σ 
respectively) on study day 18 (equivalent human age on day of test was ~ 2 years)

Å Cumulative AUC at 6.7 and 32 times the human AUC for proposed dose

Å No significant change on 14th day of recovery, but motor activity remained lower 
όҨну҈ ŀǘ нл ƳƎκƪƎκŘŀȅύ

ü Female rats: 5ŜŎǊŜŀǎŜŘ ǊŜǎǇƻƴǎŜ όҨом҈ύ ƛƴ ŀŎƻǳǎǘƛŎ ǎǘŀǊǘƭŜ ǘŜǎǘ ŀǘ нл ƳƎκƪƎκ 
day on study day 19; however, the test appeared inadequate based on control 
values that deviated from expected outcome, therefore results are inconclusive

Å Effect observed at cumulative AUC of 34 times the human AUC for proposed dose; no 
effect in females at 4.5 mg/kg/day (AUC multiple of 7)

Å tŀǊǘƛŀƭƭȅ ǊŜǾŜǊǎŜŘ όҨмф҈ύ ƻƴ мрth day of recovery
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119mSn-stannsoporfin


